Abstract
INTRODUCTION
The submitted paper shows results of the phenological research which was realized on the locality of the Báb forest in 2012 and 2013. There are three groups of forest types in the Báb forest which are mentioned by Kubíček and Brechtl (1970) . A forest type called Fageto-Quercetum is associated with a Carpinion betuli aliance (Mayer, 1937) Oberdorfer 1953. The given type is assigned to associations such as Primulo veris-Carpinetum Neuhäusl, Neuhäuslová-Novotná 1964 and Carici pilosae-Carpinetum Neuhäusl, Neuhäuslová-Novotná 1964 which does not correspond with my results. My dissertation thesis includes phytosociological relevés (64 relevés) of 2013 which were divided by a numeric classifi cation of the Twinspan programme (Hill, 1979) into four clusters.
That is the reason why the thesis deals and assesses a phenology at the level of Carpinion betuli union. The given report's aim is to evaluate an onset, development and ending of vegetative and generative phases in the case of the community Carpinion betuli. Specifi cally, I will be dealing with a seasonal dynamics of an herbal layer and with its comparison during 2012 and 2013. I will also focus on how to compare it with a thesis from the 60's Kubíček, Šimonovič (1975) .
MATERIALS AND METHODS
The research was conducted in the Báb forest. Administratively the Báb forest area belongs to cadastre of village Veľký Báb, district Nitra and to Nitra Region. It is situated on Nitra loess upland. Two reserve areas can be found here -National Nature Reserve Báb forest and the Protected Area Báb Park. This forest is remnant of original native forest complexes. Its total area is 66 ha. In the past it was marked by anthropogenic impacts especially short rotation management. Its surrounding were mainly turned into wide-area fi elds and vineyards (Kubíček, Brechtl, 1970) . The Báb forest represents a climax stage of forest succession on loess (Eliáš, 2010) .
I assign the phytosociologic relevés of all forestry PRP into Querco-Fagetea Braun-Blanquet et Vlieger in Vlieger 1937 class, into Carpinion betuli Issler 1931 em. Meyer 1937 union and into Querco petraeaeCarpinetum Soó et Pócs (1931) 1957 association. A er forestry communities complex classifi cation for Slovakia territory, the relevés classifi cation into the association of Querco petraeae-Carpinetum Soó et Pócs (1931) 1957 will be re-evaluated.
The phenological research is taking place on 3 permanent research plots (PRP) which were chosen in the way that the highest possible species diversity would be included. The plots are permanently marked, phenological observations are done on 1m wide transects on the perimeter of PRP.
The forest permanent plot no 24 (GPS coordinates of PRP are N 48° 18' 13.74" and E 17° 53' 22.57") is in the National nature reserve Báb forest. NNR is anthropically least infl uenced and it has an indigenous structure of the upper tree, shrub and herb layer. PRP no 35 (GPS coordinates of PRP are N 48° 18' 14.19" and E 17° 53' 33 .09") is situated in the part of the forest where shelterwood cutting was done in November 2006. The last PRP no 39 (GPS coordinates of PRP are N 48° 18' 11.19" and E 17° 53' 35. 8") is situated in the unlogged part of forest vegetation where logging is expected in the future (Fig. 1) .
Terrain observations were realized every 4 (spring season) to 12 days (autumn season). On 3 PRP the following vegetative (VP) and generative (GP) phenological phases which were chosen according to the work by Moravec (1994) were observed:
• VP -young folded leaves, completely unfolded leaves, yellowing, withered, overwintering leaves, • GP -buds formation, fl ower closed buds, fl ower poured buds, fl ower buds formation, young fl ower, fully developed fl ower, fading away, total fading away, fruit formation, unripe fruit, ripe fruit, seeded fruit. Into a phenological phase, I also included not completely developed individuals of herbs, grasses. Into a phase of completely unfolded leaves, I included completely developed plants of herbs and grasses. Into a phase of yellowing, yellowed leaves and withering I put not only yellowed or withered leaves but also yellowed and withered shoots, generative organs of individual taxa. Based on percentage terms (a number of species in a given vegetative or generative phase in a given date), I created phenological spectra for a species community on PRP in forestry covers.
Under the term taxa optimum, I understood the highest number of species in a particular phase and under the term missed species in a phonologic
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1: The area of interest Báb forest with marked permanent plots Source: ILE SAS, branch Nitra spectrum I understand such taxa the absence of which was found out during the phenological research.
To help with phenological assessment, the weather characteristics such as average daily temperature and average daily rainfall of the years 2012 and 2013 were used. Moreover, long-term averages for the period of 1991-2010 were used there. Out of all given monthly averages, it was climate diagrams which were processed in MS Excel programme.
All the characteristics of weather were provided by Slovak hydrometeorological institute (SHMÚ). A critical temperature for an onset of individual phenological phases of observed taxa was expressed by the sum of all eff ective air temperatures. I calculated the temperature sums out of average daily air temperatures which were higher than 0 °C (TS0), 5 °C (TS5), 10 °C (TS10), 15 °C (TS15). This temperature value was assigned to the beginning of a calendar year.
The signifi cance tests I investigated the program Statistica. The nomenclature of the determined taxa was adjusted according to the work by Marhold, Hindák et al. (1998) . 
RESULTS AND DISCUSSION
Weather Conditionality
When I compare the monthly average temperatures and the amount of precipitation of 2012 and 2013 (Figs. 2 and 3) , it is possible to observe signifi cant diff erences compared to a longterm average of the period 1991-2010 (Fig. 4 ). There were no dry periods during those 20 years however in the spring of 2012 (March, May) and at the end of the summer (August, September), I was able to observe severe dry periods. Dry periods were recorded in 2013 as well, and it was during the spring and summer months, specifi cally in April and June. During those years, temperature considerably diff ered from the long-term average. The average monthly summer temperatures of both years (2012, 2013) 
Species of Phenological Spectrum
The Fig. 5 and Fig. 6 depict a phenological spectrum of an herbal layer in a forest undergrowth in 2012 and 2013. During 2012, there were 25 species recorded in an herbal layer and I included not only herbs and grasses there but also two evergreens Hedera helix a Vinca minor. For a phenological research in 2013, I was able to document 24 taxa and previously mentioned woody plants were classifi ed as well.
Common taxa (22) 
6: Synphenology of herb layer of Carpinion betuli in year 2013
Explanations: IFL -young folded leaves, CFL -completely unfolded leaves, Y -yellowing, W -withered, OL -overwintering leaves, BF -buds formation, FCB -fl ower closed buds, FPB -fl ower poured buds, FBF -fl ower buds formation, FD -fl ower development, FDF -fully developed fl ower, FA -fading away, TFA -total fading away, FP -fruit formation, UF -unripe fruit, RF -ripe fruit, SF -seeded fruit, MS -missing species druhy in the spectrum (21% of species). The second phase of completely unfolded leaves was also noticed in 2012 for the fi rst time on 11 th March and it lasted until 30 th November. When the second phenological observation of 2012 occurred, all of the monitored species had already been under the snow. The phenophase reached its maximum during two dates. Firstly, it was on 23 th April, secondly on 3 rd May and the maximum was documented in the case of 12-15% of species. In 2013, it was possible to observe a phase of completely unfolded leaves since 22 th March until the end of phenological research, which was on 11 th December. In 2013, a minimal snow cover was documented as well. The optimum of that phase was reached on 26 th April and it was documented in the case of 23% of species.
I claim that growth and development of observed individual plants take place in diff erent year periods. The reason for this includes a very low temperature and an occurrence of ground frost in March of 2013. The low temperature caused eleven days shi of vegetative phases for later period in 2013. The temperature sum TS0 has shown diff erent values but TS5 has shown an identical value (TS5 = 60) through the years and that proves that temperature higher than 5 degrees Celsius represents a very important infl uence for a growth of observed taxa individuals. The thesis by Havlíček (1986) claims that a beginning of vegetative period was set to the day which reached temperature higher than 5 degrees Celsius in three consecutive days. Onset and ending of 5 degree temperature represent borders of a big vegetative period because this temperature can activate physiological processes in herbal organs. This fact was confi rmed when a temperature higher than 5 degrees Celsius occurred a week before a phenological observation.
A phase of young folded leaves reaches its maximum in diff erent periods of both years when a temperature is around 10 degrees Celsius. A phase of completely unfolded leaves reaches the maximum in diff erent year period as well but that time a temperature reaches 10 up to 20 degrees Celsius. I state that the highest number of species in phases of complete and young folded leaves was found in situations with a temperature higher than 10 degrees Celsius. This average daily temperature T > 10 °C represents borders of a main vegetative stage (Kurpelová et al., 1975 The reason for such signifi cant yellowing and withering of species in 2012 is a combination of and high air temperature during April. During a fi eld observation it was possible to monitor a very dry soil and there was not enough time for April's rainfall to soak into the soil in a required quantity. It was possible to observe the same situation on 1 st September in 2012. A high temperature and a low amount of rainfall was typical for August too. The taxa yellowing in 2013 was documented mainly on 4 th May, but it did not occur in a large extent because of April's low rainfall amount. In 2013, withering occurred in the highest number of species on 23
rd October which resulted from a temperature decrease and a preparation of species for a winter rest period. Šiška, Špánik (1999) consider a temperature of T < 10 °C as a period of a vegetative rest. This situation has been confi rmed in forest cover of the Báb forest as well, when the fi nal phenological calendar phases (Y and W) began to occur. Especially, it was in the case of temperatures lower than 10 degrees Celsius (it is mentioned by the authors Šiška, Špánik (1999) but also in the case of temperatures lower than 5 degrees (mentioned by Havlíček (1986) .
The next observation phase was a phase of overwintering leaves and in 2012 it occurred since the beginning of observation on 11 th March until 23 rd May. The highest number of species with an overwintering leaves was observed in March and it represented 7 to 8%. In 2013, the given phenophase occurred from 4 th March until 15 th May and there were two dates when it reached the maximum. It was on 22 th March and on 2 nd April. In 2013, the highest number of species was documented in periods of an intensive snow melting. In those periods, it was possible to observe the given phase in the case of 13 dash 22% of species. It was possible to observe the particular phase mainly in the case of species such as: Ajuga reptans, Galeobdolon luteum, Geum urbanum, Hedera helix, Vinca minor. The particular taxa are capable of creating new shoots and leaves in the autumn and this way they will overwinter to the next year. In the spring, shoots and leaves will die and with a temperature rising plants will create new aerial organs.
Development of Generative Phase
Buds Formation
The fi rst observed generative phase is a phase of buds formation and in 2012, it started to occur since 11 th March until 12 th June. The maximum was reached on 23 rd April (3% of species). In 2013, it was possible to monitor the phase since 22 th March until 16 th June. The optimum of the phase was reached on 12 th April and on 4 th May (4, 5% of species). Within this phase, I could observe 11 days shi to a later period of 2013. The reason why this shi has occurred includes a low March temperature as I mentioned in the case of the fi rst vegetative phases (IFL, CFL). The species optimum in a given phase was possible to observe in diff erent year periods. Not only temperature infl uenced the highest occurrence of species in that phase which has been proven by diff erent temperature sums through the years. The reason why the shi of the phase to 23 rd April in 2012 occurred was probably an infl uence of a low rainfall in March. In 2013, the same phase occurred in April (a er a suffi cient amount of rainfall), in March and in May (a er a rainfall at the beginning of that month).
The second observed phase is a phase of fl ower closed buds. In 2012, it occurred since the date of 11 th March until 23 rd June and its maximum was reached on 5 th April (6% of species). In 2013, it was possible observed the given phase since 22 nd March until 28 th June and it reached its maximum on 4 th May (5%). In the case of that phase, I observed a shi to a later period of 2013 and the reasons for that shi matches previously mentioned reasons.
A phase of fl ower poured buds which are closed however was being observed since 19 th March until 13 th July in 2012 and it reached the optimum on 5
th April (8% of species). In 2013, the given phenophase was being monitored since 2 nd April until 28 th June. Within this phase, we observed 14 days shi to the later period of 2013. The shi was caused by a low March temperature as well. A temperature sum which was needed for that particular phase onset was TS5 > 85. The remaining temperature sums reached various values (the temperature sum not amount), which means that they have no infl uence on the phase's onset.
The highest number of species was always collected a er a higher amount of precipitation. All of the temperature sums were diff erent which proves that temperature has no infl uence on optimum of the given phases. Ending of those phenophases takes place in the case of an intensive temperature increase in June and July.
Development of Flowers
The taxa blooming was documented with a help of the fi rst phase of fl ower buds formation and it was being monitored since A temperature sum TS10 > 85 has an infl uence on the onset of the fl ower buds development phase and the onset of the last two blossoming phenophases is infl uenced by TS10 > 120. The given temperature sums TS10 has reached the most homogenous values through the years. Not only temperature may infl uence an optimum of the phenophases but an amount of rainfall is a very important factor too. In March of 2012, there was a minimum of rainfall monitored. An onset of all blossoming phases in 2012 occurred quite sooner than in 2013 but the development was slowed down by a low amount of rainfall. And that is the reason why the dates of the phenophases of those years ended almost at the same moment.
A st April and 27 th May (6-11% of species). All the temperature sums were showing very diff erent numbers which means that the phases' onset was not infl uenced by a temperature factor only. A low March's amount of precipitation represents another factor infl uencing an earlier onset of phases and since the beginning of April, a signifi cant drought and an intensive fading away. Optimum of both phases has occurred almost in the same periods (April to May) which is given by a natural life cycle of the particular forest species.
Fruiting
A phase of fruit formation could be observed from 5 th April until 1 st September in 2012 and its optimum was reached on 23 rd April (7% of species). In 2013, the same phenophase occurred since 21 st April until 8 th September and it reached its maximum during 26 th April (7% of species). In 2013, a shi of onset and optimum occurred because of low March temperatures which has stopped development in few taxa phenophases. However, not only temperature could infl uence that phase and that idea was proven by dissimilar temperature sums. In 2012, a higher amount of rainfall fell down and that might be the reason which could speed up fruit formation.
The th June (5% of species). The given phenophases' onset concerning fruit maturing (ageing) and dissemination occurred in the early 2012. One of the reasons was a higher temperature which could activate fruit maturing but all the temperature sums has showed diff erent numbers through the years. This fact proves that it was not only temperature which had an infl uence on the phenophases' onset. At the beginning of 2012, a higher amount of rainfall fell down and I could observe a very fast fruit maturing in the fi eld. Dissemination has appeared mainly a er an intensive rainfall because fallen raindrops helped to speed up the process of fruit seeding. I observed such situation at the beginning of April but also at the beginning of May in 2012 and 2013 as well. Optimum of all phases took place in conditions of high temperatures and a higher amount of precipitation. In 2013, phases of the ripe fruit and that of dissemination lasted until the end of phenological observation. This situation was caused by a more adequate temperature occurring in 2013. During 2013, less days with frost and an inconsistent snow cover occurred and compared to 2012, it lasted only few days.
The dates of onset and optimum of the seeded fruit phase took place in an earlier period of the year when we compare it with 1973. That fact is mentioned in the work by Kubíček, Šimonovič (1975) . The authors claim that species which are seeding start to appear in July and August mainly. The reason for the phase's earlier onset is a signifi cantly higher temperature and more intensive rainfall in 2012 and 2013. The authors also claim that species which form seeds last until the end of September. The given fact agrees with our results.
Optimum of Phenological Spectrum
In 2012, the highest number of species present in a phenological spectrum occurred. Especially, it was during 19 th , 29 th March and 11 th October which is a period when forest species start to grow because of a temperature increase and it also occurred in the autumn period when a re-growth of forest species took place. A situation when the highest number of species in a phenological spectrum was missing was monitored at the beginning and at the end of a vegetative period and then on the dates of 23 rd April and 3 rd May, which represents a period of efemeroid's death. In 2013, the highest number of species in a phenological spectrum was found on 22 nd March and 2 nd April and also later from 8 th September to 23 rd October. At the beginning of a vegetative period and also later during 4 th and 15 th May, there was documented the lowest number of species. Considering a year 2013, it was possible to observe the same situation as was mentioned earlier and the situation could be observed almost in the same year period.
The given facts agree with a work by Kubíček, Šimonovič (1975) . The authors has monitored that a vegetative phenophase in the Báb forest has two maxima. The fi rst maximum is in April, in the period when the majority of species starts its vegetative stage. The lowest percentage was documented on 23 rd May. The vegetative phase's second maximum was collected on 19 th September and the second minimum representing an occurrence of vegetative species was documented at the beginning of November. Comparing to a year 1973, a small diff erence is caused by a higher temperature and by a higher amount of precipitation in 2012 and 2013. It happend it the spring period and that is why one month shi of maximum of a vegetative fenophases to an earlier period was observed. A temperature which is ideal for a re-growth for observed taxa's individuals, which represents the second maximum of vegetative phases, was in October of 2012 and 2013.
In Kubíček, Šimonovič (1975) who introduced the fact that phenological development in the Báb forest starts in the early spring. During the summer, almost all of the monitored species were found in a vegetative phase only.
The Relationships of the Temperature and the Phenophases
The Figs. 7 and 8 depict dependence between average daily temperature and a sum of phenophases (a percentage divided by number 100, this was done for each phenophase and at the end, the numbers for each date were summed up) for the years 2012 and 2013. Rising temperature caused rising of the sum of the phenophases as well. In the early spring months such as March and April there occurred more signifi cant temperature rising together with higher development of individual vegetative and generative phenophases. The highest dependence of 2012 and 2013 occurred in April and May. During these months, there occurred the biggest phenophases' development, a signifi cant vegetative growth of ephermeroids and a very signifi cant blooming and production of ephermeroids and other spring species as well. The temperature was higher, the values of which were around 14 to 19 °C. The dependence decreased a er the ephermeroids' death. During June of 2012 and 2013, the temperature was raising, but the sum of the phenophases decreasing. As I have already mentioned, the majority of ephermeroids were dead in June and the other forest species were ending their generative growth as well. In 2012 was, at level of signifi cance 0.05, p-value of 1.2. In 2013, the p-value was 2.3. A statistically signifi cant relationship between temperature and the sum of phenophases was not confi rmed. I think this relationship needs to be further pursued in the coming years. As you can see in the Figs. 7 and 8, higher dependence between average daily temperature and a sum of the phenophases happened in 2013.
At the beginning of 2012, there was signifi cantly diff erent temperature and also the sum of the phenophases. This period was characterized by higher daily temperature but the ephermeroids only began their vegetative growth. In 2013, there occurred lower temperature in close dependence to developing ephermeroids. In summer, autumn and winter months of 2013, we could observe closer dependence as well. Average daily temperature of 2013 was slowly getting lower together with death of forest herbs. 
CONCLUSION
My study presents the results of a phenological research of herb layer of Carpinion betuli community which was realized on the locality of the Báb forest in 2012 and 2013. In the past it was marked by anthropogenic impacts especially short rotation management. A diff erence between the years was documented mainly in the spring period where a shi in vegetative and generative phenophases to a later period in 2013 happened. In 2012, the highest number of present species in a phenological spectrum occurred. nd March until the last date of a phenological observation and that was on 11 th December. The results of the phenological research focusing on the evaluation and comparison of chosen vegetative and generative phenophases of Carpinion betuli community confi rmed larger diff erences in the onset, duration and ending of phenophases in 2012 and 2013.
